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INTRODUCTION: GLAUBER DIFFRACTION THEORY
Distinguished theoretical physicist Roy Glauber became a Nobel Prize winner in physics in 2005. This prestigious international prize marked his contribution to the quantum theory of optical coherence. In Russia and throughout the world, especially among scientists involved in research in the field of elementary particle physics and nuclear physics, Glauber is widely known as the founder of the diffraction theory of fundamental nuclear processes. Whether accidentally or not, the awarding of the Nobel Prize coincided with his 80th anniversary and the 50th anniversary of the publication of his work [1] in which basic propositions on the quantum theory of diffraction scattering of fast particles on the deuteron were formulated. It seems to us that this triple coincidence prompts recollection of the work done by Glauber and some retrospection in comparison with recent achievements in this field.
In scientific literature, many different names of the theory proposed by Glauber can be found, for example, eikonal approximation, Glauber representation, and so on. Following Glauber, I think that the name most accurately reflecting the essence of the theory is "diffraction theory." The theory represents a generalization and extension of the Fraunhofer diffraction theory known in physical optics in the area of nuclear collisions. In this case, the main condition of applicability of the diffraction scattering theory is formulated as the assumption that the momentum of the incident particle p should be so large that the wavelength corresponding to this momentum λ = 1/ p ( ប = c = 1) is much smaller than the radius r 0 of interaction of the particle with the nucleon in the nucleus,
Clearly, in this case, a large number of partial waves l ~ pr 0 ӷ 1 contribute to the amplitude of the elastic scattering of a fast particle, and, as a consequence, angular distribution in elastic scattering at high enerpr 0 r 0 /λ ӷ 1, r 0 1.5 fm. ∼ = gies is concentrated in a pronounced narrow cone with a characteristic diffraction peak of forward scattering.
The elastic scattering of fast particles on nuclei is characterized by a number of specific features, which can be easily understood since they are extremely clear physically. Since nuclei represent loosely bound systems of nucleons (binding energy per nucleon does not exceed a few MeV), average momenta of nucleons in the rest frame of the nucleus are small, on the order of 1/ R , where R is the average internucleon distance comparable to the size of the nucleus. The high-energy particle incident on the nucleus in each separate collision with nucleons of the nucleus can transfer only a small fraction of its momentum and energy to the nucleon. If q = ( p -p ') is the momentum transferred to the nucleon of the nucleus ( p and p ' are the momenta of the incident particle before and after the collision with the nucleon of the nucleus), then (2) since the nucleon undergoing a recoil momentum larger than 1/ R in a collision with the incident particle will be knocked out of the nucleus, the nucleus will disintegrate, and processes with disintegration of the nucleus cannot be related to elastic scattering. Of course, there always exist such events when the nucleus as a whole receives a large momentum, and the nucleus does not disintegrate in this case; however, the probability of these events is very small. The main fraction of all events corresponds to events in which the high-energy particle passing through the nucleus deviates only slightly from its initial direction of motion and leaves the nucleus without causing substantial restructuring. In a collision of a fast particle with any nucleon of the nucleus, all other nucleons play the role of spectators, not participating in the interaction.
Let us assume that the high-energy particle passing through the nucleus is not scattered more than once, i.e., collides with one nucleon of the nucleus only.
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Since it is impossible to determine which nucleon of the nucleus participated in the collision, the amplitude of elastic scattering on the nucleus in this case is the coherent sum of scattering amplitudes on each of the nucleons. The fact that the incident particle is scattered on the bound nucleon, rather than the free nucleon, can be taken into account by introduction of the form factor of the nucleus. If the density of nuclear matter in the nucleus is determined by ρ ( r ) and normalized using the condition = 1, the form factor of the nucleus is determined as (3) By denoting the amplitude of elastic scattering on one nucleon with the transferred momentum q by f hN ( E , q ) ( E is the energy of the incident particle in the laboratory frame), the amplitude of elastic scattering on the nucleus f hA ( E , q ) in the approximation of single scattering is expressed as (4) This yields for the total and differential cross sections for scattering on the nucleus (5) The presence of the form factor in the angular distribution results in the fact that the intensity of the elastic scattering of fast particles on the nucleus is concentrated in an even narrower cone, with the angular size determined by the ratio of the wavelength of the incident particle to the size of the nucleus, (6) Formula (5) also implies that the differential cross section for forward scattering on nuclei depends quadratically on the number of nucleons in the nucleus and grows proportionally to A 2 . Of course, all the above conclusions are based on the assumption of a single interaction of the incident particle with nucleons of the nucleus and are valid only in this approximation.
In experimental studies measuring cross sections for scattering on the deuteron using proton, neutron, and pion beams with a momentum of the incident particles on the order of 1-1.5 GeV ( λ ~ 0.1-0.2 fm) carried out in the early 1950s, it was discovered that total cross sections for scattering on the deuteron are in all cases smaller than the sum of total cross sections for scattering on free nucleons. The results of these measurements can be expressed by the formula (7) where σ hd , σ hp , σ hn are the total cross sections for the scattering of the incident particle h ( h = p , n , π ± ) on the deuteron, proton, and neutron, and δσ hd is called the
defect of the total cross section for scattering on the deuteron. The value of the defect for neutron and proton beams was δσ Nd ~ 6-9 mb, and for pion beams it was a little smaller, ~ 4-6 mb (see [1] and references therein for corresponding experimental studies). These experimental results encouraged Glauber to undertake theoretical investigations, in which an attempt was made to find an explanation of the discovered effect. In the framework of the diffraction theory, Glauber obtained an elegant expression for the defect of the total cross section for scattering on the deuteron, (8) which is called the Glauber correction. In formula (8), 〈 r -2 〉 d denotes the average inverse square internucleon distance in the deuteron.
Glauber found an attractive physical interpretation of the correction that he obtained, and showed that it is related to configurations in the deuteron in which one nucleon is in the shadow of another nucleon, and describes the "eclipse" effect well known from data of astronomical observations on decrease in luminosity of binary stars during an eclipse. For this reason, this correction is often called the shadowing correction or the screening effect. Moreover, it is necessary to note the remarkable fact that formula (8) can be obtained from extremely simple, almost semiclassical considerations presented by Glauber in the introduction to his work [1] .
A very simple and physically clear idea underlies the formalism proposed by Glauber. The essence of it is that the effect of interaction of a fast particle is reduced to the change of the phase of the incident wave, which in turn can be expressed using the formula for the eikonal known from optics. The Glauber representation for the scattering amplitude of a high-energy particle is written in the form of the two-dimensional Fourier integral (9) where Γ ( E , b ) is called the profile function, q = p -p' is the transferred momentum, and b is the two-dimensional vector of impact parameter in the plane orthogonal to the momentum p of the incident wave. It is clear that the profile function can be expressed in terms of scattering amplitude using the inverse Fourier transform,
where integration is carried out in the two-dimensional plane orthogonal to the momentum p. The profile function Γ(E, b) is related to the complex eikonal function χ(E, b) by the formula (11)
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